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Abstract 
One salt-tolerant strain (named P-1) which can efficiently degrade azo dye acid red B was isolated and screened from 
activated sludge of a wastewater treatment unit of a dye plant. On the basis of morphological observation, physiological 
and biochemical test, 26S rDNA gene sequence and phylogeny analysis, the strain P-1 was identified as Pichia 
kudriavzevii strain. The effect of salinity, initial concentration of acid red B solutions, temperature and pH on 
decolorization performance was investigated to optimize decolorization conditions. The results showed that, the optimal 
conditions for degradation of acid red B by strain P-1 were: salinity, 10%; initial concentration of acid red B solutions, 
100 mg/L; temperature, 33ć; pH, 5.0. Under the optimal conditions, the degradation rate of acid red B reached 94.29%. 
 
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific 
Chemical, Biological & Environmental Engineering Society 
 
Keywords: Azo dyes; acid red B degrading strain; 26S rDNA sequence analysis; decolorization performance 
1. Introduction 
Dye industry is one of the largest industries that contribute to environment pollution. Azo dye is a kind of 
synthetic dyestuff which is abundantly and widely used at present [1]. It accounts for about 50% of total dye 
amount [2]. The azo dye has complicated structure and stably chemical property. Though most of the azo dyes 
themselves don't have toxicity, the metabolites of them can do great harm to human health. Besides, when the 
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azo dyes are drained into water body, they can significantly affect the photosynthetic activity of hydrophytes 
by reducing light penetration [3, 4]. Therefore, azo dye wastewater must be treated before it is discharged. 
Various technologies such as physical, chemical and biological methods are being used to treat the azo dye 
wastewater [5]. In contrast, biological methods have become the dominant technology with merits of 
environment benign and cost competitive [6]. Many studies have showed that microorganisms, belonging to 
bacteria, fungi, even yeasts owned ability to decolorize azo dyes by bioadsorption or degradation [7]. 
However, when salt concentration of dye wastewater is too high, the growth and metabolism of certain 
microorganisms may be inhibited, so that their degrading ability maybe decline or even completely lose out. 
Therefore, to isolate and screen some salt-tolerant bacteria which can efficiently degrade azo dyes has 
important significance to treatment of azo dye wastewater with high salt concentration.  
In recent years, the research on isolation and screening of some salt-tolerant bacteria which can efficiently 
degrade azo dyes has made certain progress. Some salt-tolerant microorganisms which can degrade azo dyes 
have been isolated, including Exiguobacterium [8], Halomonas genus [9,10,11], Georgenia genus [12], 
Klebsiella pneumoniae, Acinetobacter [13,14], Gracilibacillus [15] and so on. At present, the researches on 
degradation of azo dyes by Pichia kudriavzevii in high-salinity environment have hardly been reported. 
The main aim of this research was to isolate and screen one salt-tolerant strain that can efficiently degrade 
azo dyes from activated sludge of a dye plant. On the basis of morphological observation, physio-biochemical 
test, 26S rDNA gene sequence and phylogeny analysis, the strain was identified as Pichia kudriavzevii strain. 
The results not only enriched microbial resources that can efficiently degrade azo dyes, but also provided a 
certain reference for bioremediation of environment polluted by azo dyes. 
2. Materials and methods 
2.1. Materials 
2.1.1. Bacterium Source 
The bacteria source was from the activated sludge of a biological treatment unit in a dye plant. 
2.1.2. Culture medium 
Three types of media were used for the culture of microorganism:˄1˅The LB culture medium was 
composed of: Yeast powder, 5 g; Peptone, 10 g; NaCl, 10 g; distilled water, 1 L. The medium was sterilized at 
121ć for 15 min after subpackage. ˄2˅The dye solid culture medium was composed of [16]: NaH2PO4, 1 g; 
K2HPO4, 2 g; MgSO4·7H2O, 0.2 g; glucose, 10 g; (NH4)2SO4, 1.5 g; NaCl, 5 g; dyes (acid red B), 0.1 g; agar, 
17-18 g; distilled water, 1 L. The medium was sterilized at 121ć for 15 min after subpackage.˄3˅The dye 
liquid culture medium was composed of [16]: NaH2PO4, 1 g; K2HPO4, 2 g; MgSO4·7H2O, 0.2 g; glucose, 10 g; 
(NH4)2SO4, 1.5 g; NaCl, 5 g; dyes (acid red B), 0.1 g; distilled water, 1 L. The medium was sterilized at 
121ć for 15 min after subpackage. 
2.1.3. Main reagents 
The main reagents used in this research were as follows:  
The dye Acid Red B was obtained from a textile manufacturing unit in China. K2HPO4, (NH4)2SO4, MgSO4, 
NaCl, NaH2PO4  and glucose were mainly used to make up  dye culture medium. Agar, peptone, beef extract, 
neutral red, methyl red, sucrose, ferric ammonium citrate and lactose were used for the physio-biochemical 
test. All of the reagents used were analytical grade from local reagent providers. 
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2.2. Methods 
2.2.1. Isolation, screening and purification of salt-tolerant strains that can degrade acid red B 
A certain amount of sterile distilled water was added to the activated sludge sampled from a dye factory, 
aerated for 24 h at first. Then 10 mL supernatant liquid was transferred into 100 mL fresh and sterile acid red 
B liquid medium (medium was encased in the 250 mL conical flask).The domestication cultivation was 
carried out under the following conditions: the speed of the shaker was 130 r/min, the temperature was 30ć. 
10 mL of the culture solution was transferred aseptically into fresh and sterile acid red B liquid medium in the 
logarithmic growth phase of the strainsˈand the salt concentration was elevated to the next gradient at the 
same time, the rest may be deduced by analogy. NaCl content of salt tolerant domestication medium were 
0.5%, 1%, 3%, 5%, 8%, 10%, 12% and 15%, respectively, until bacteria can no longer grow. When microbial 
strain transfer operation was carried out in each cycle, the medium having been cultured 2-3 d became turbid 
and the color of the medium (red) became pale or even completely faded, if the medium didn't change, the 
transfer operation should be carried out again. After the strain had been cultured as above for 8 generations, 
selected isolates were purified by streaking on plate containing NaCl at the concentration of 10% (w/v) , and a 
single strain could be separated and purified after plate streaking of 7 generations. Then a single bacterial 
colony was picked from the plate, and the colony was transferred into the acid red B liquid medium again, 
culture it on a shaker and observe whether it can degrade acid red B. The strain should be separated and 
purified again when the medium became turbid and its color changed. 
2.2.2. Morphological observation of the strain 
Morphological observation of the strain included two aspects: colonial morphology and individual 
morphology. When we observed the individual morphology of the strain, the strain should be treated with 
Gram staining at first, and then we observed the basic morphology of the strain and determined it was Gram 
negative bacterium or Gram positive bacterium. 
2.2.3. Physiological and biochemical experiment 
Physiological and biochemical experiment referred to "Berger's Bacterial Identification Manual" and 
"Experimental Course of Microbiology" [17].  
2.2.4. Extraction of the genomic DNA of strain P-1 
Genomic DNA of strain P-1 was extracted by CTAB method. 
2.2.5. PCR amplification 
Using the genomic DNA of strain P-1 as template, a pair of universal primer of 26S rDNA of the yeast as 
primer[18]: forward primer NL1˄5′-GCATATCAATAAGCGGAGGAAAAG-3′˅and reverse primer NL4
˄5′-GGTCCGTGTTTCAAGACGG-3′˅to carry out PCR amplification reaction. 
PCR reaction system with a total volume of 50 μL: 10×PCR Buffer 5 μLˈdNTP (10 mM) 2 μL, Primer 
NL-1(10 μM) 2 μL, Primer NL-2(10 μM) 2 μL, Genomic DNA 100 ng, rTaq (5U/μL) 1 μL, dd H2O add to 50 
μL. 
The amplification conditions contained an initial denaturation (95°C for 5 min), 35cycles (95°C for 30 s, 
58°C for 30 s, 72°C for 80s) and a final extension (72°C for 7 min).  
2.2.6. Agarose gel electrophoresis 
Preparing agarose gel plate at first, then DNA mark and DNA sample was imbibed with the pipette gun into 
different gel point sample holes, respectively. After that, the slot cap was covered, the power supply was 
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switched on, and the voltage was controlled in 1-5 V/cm. When bromophenol blue strip moved to about 2 cm 
from the gel cutting edge, electrophoresis was stopped. And then, gel imaging system was employed to take a 
picture of electrophoresis gel. After taking the picture, the gel strips containing the target gene fragment were 
cut quickly under ultraviolet transilluminator, and then the PCR amplification product was sent to Jinpeiyuan 
Co., Ltd. of biotechnology in Ji'nan for 26S rDNA sequencing.  
2.2.7. Degradation of acid red B by the strain 
Phototurbidometr was employed in this research to determine the OD value of bacteria suspension in 
different culture time and the OD value of dye medium after centrifugation, so the growth curve of the strain 
and the degradation curve of acid red B could be drown.  
Determination of growth curve: Acid red B dye medium without strains was used as blank contrast, at the 
wavelength of 600 nm, the absorbance of culture liquid taken out at different time was determined in turn 
using phototurbidometr.  
Determination of degradation curve: Dye medium in different test tube was treated with centrifuge (5000 
r/min, centrifuge for 20 min) , medium without acid red B was used as blank, medium only with acid red B 
but without bacteria was used as contrast, the absorbance value was measured at the wavelength of 520 nm. 
The decolorization rate was calculated using the following equation [19]: 
-Decolorization Rate = 100%A B
A
u                                                         (1) 
A, B represented the initial and final absorbance of the dye solutions before and after degradation, 
respectively. 
2.2.8. Effect of salt concentration on the decolorization 
Preparing acidic red B culture medium with different salt concentration, after sterilization, the bacterial 
suspension of the strain P-1with 10% (V/V) inoculums was inoculated to the culture medium. After it had 
been cultured with oscillation for 24 h, under the condition of temperature 30ć, the absorbance was 
measured and the decolorization rate was calculated.  
2.2.9. Effect of the initial concentration of acid red B on the decolorization 
Through investigating decolorization rate of acid red B medium with different salt concentrations by the 
strain, the optimum salt concentration which is beneficial to decolorization can be determined. On the basis of 
this, prepare the medium with different concentration of acid red B, after sterilization, the bacterial suspension 
of the strain P-1 with 10% (V/V) inoculums was inoculated to the culture medium. After it had been cultured 
with oscillation for 24 h, under the condition of temperature 30ć, the absorbance was measured and the 
decolorization rate was calculated.  
2.2.10. Effect of pH on the decolorization 
Through investigating the decolorization rate of the medium with different initial concentration of acid red 
B by the strain, the optimum initial concentration of acid red B which is beneficial to decolorization can be 
determined. On the basis of this, prepare the acid red B medium and regulated its pH to different values. After 
sterilization, the bacterial suspension of the strain P-1 with 10% (V/V) inoculums was inoculated to the 
culture medium. After it had been cultured with oscillation for 24 h, under the condition of temperature 30ć, 
the absorbance was measured and the decolorization rate was calculated.  
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2.2.11. Effect of temperature on the decolorization 
Through investigating the decolorization rate of acid red B medium with different pH by the strain, the 
optimum pH can be determined. On the basis of this, prepare acid red B medium and regulated its pH to the 
optimum value. After sterilization, the bacterial suspension of the strain P-1 with 10% (V/V) inoculums was 
inoculated to the culture medium. After it was cultured with oscillation at different temperature for 24 h, the 
absorbance was measured and the decolorization rate was calculated. 
3. Results and analysis 
3.1. Screening of salt tolerant strain 
In the course of isolation and screening of acid red B degrading strains, when initial salt concentration of 
the culture liquid varied from 1% to 15%, the color of the culture fluid in the conical flask faded gradually, 
and it finally changed from red into milky, furthermore, a large number of microorganisms floc appeared at 
the same time, which indicating that ascendant acid red B degrading bacteria multiplied abundantly and the 
dye in the liquid culture medium had been degraded gradually. After many times of domestication and 
separation, a salt tolerance strain (named as P-1) which can grow with acid red B as the carbon and energy 
source was obtained. The biomass and decolorization rate of the strain P-1, under the condition of different 
salt concentrations, were shown in Fig. 1. 
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Fig. 1. Biomass of P-1 and decolorization rate under the conditions of different salt concentrations 
Note: Acid red B concentration, 100 mg/L; temperature, 30ć; pH, 5.0; inoculation quantity, 10% (V/V) 
Based on different salt requirements and salt tolerance scope, Kushner [20] had divided microbe into 5 
categories, including non-halophilic bacteria, weak halophilic bacteria, moderate halophilic bacteria, extreme 
halophilic bacteria and salt-tolerant bacteria. And the optimum salt concentration for growth of salt-tolerant 
bacteria is 1.17%̚ 14.63%. Fig. 1 showed that strain P-1 could grow under the conditions of salt 
concentration in the range of 1%̚15%, and the optimum salt concentration for the growth of strain P-1 was 
10%, indicating that strain P-1 was salt-tolerant bacterium; furthermore, its salt tolerance was rather good. In 
addition, the change of decolorization rate and biomass of strain P-1 shown in Fig. 1 were consistent, and the 
decolorization rate reached 93.62% when the salt concentration was 10 %.  
3.2. Identification of strain P-1 
3.2.1. Morphologic characteristics 
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Strain P-1, a predominant acid red B degrading strain, was obtained by domestication, enrichment and 
screening from activated sludge. The colonies of the bacteria appeared rounded and milky on solid medium. 
They were relatively dried, ganoid, opaque, regular in edge, protuberant in center and easy to pick up. 
Through scanning electron microscope (Fig. 2), the cells of strain P-1 were orbicular-ovate, measuring 2 to 3 
μm in diameter and 3 to 4 μm in length. Strain P-1 had spore but didn't have capsule, and it usually existed 
with a single form. 
 
Fig. 2. Electron micrograph of strain P-1 showing the 
morphologic characteristic 
 
Fig. 3. Electrophoresis of clone PCR products of strain P-1 
3.2.2. Physiological and biochemical characteristics 
The strains P-1 were aerobic bacteria, gram-positive; the optimum temperature scope for their growth was 
25 to 37°C. Amylolysis, citrate, lipolytic hydrolysis and nitrate reduction test were all negative. Strains P-1 
could oxidize glucose but could not oxidize lactose and cane sugar. Hydrogen sulfide and indole were not 
produced. No phenylalanine deaminase activity was detected. Voges-proskauer (VP) test were negative. 
Methyl red, oxidase and catalase test were all positive.  
3.2.3. Genetic characteristics 
PCR amplification of 26S rDNA gene was performed using genomic DNA of strain P-1 as template, a pair 
of universal primer of 26S rDNA as primer. The PCR products, about 600 bp, were separated by 
electrophoresis in a 1% agarose gel (Fig. 3). The length of the DNA fragment was in accordance with primer 
designing region size. The fragment was recycled, purified and then sent to biological engineering company 
for sequencing, the size of the sequence was determined to be 580 bp.  
The 26S rDNA gene sequence of strain P-1 were analyzed and compared with other sequences published in 
GenBank database through blast on the National Center of Biotechnology Information (NCBI) website. The 
blast result showed that the sequence was most similar to Pichia kudriavzevii, and had 99% homology with 
the Pichia kudriavzevii strain SL1-7, Pichia kudriavzevii clone test87 and Pichia kudriavzevii strain YM6-1. 
Generally, intraspecific sequence variation is less than 1%, and interspecific sequence variation is more than 
1% [21]. Therefore, in general, based on the morphological observation, physiological and biochemical 
reaction and 26S rDNA gene sequence analysis, strain P-1 can be basically identified as Pichia kudriavzevii. 
In order to further identify the genus, to which the strain P-1 belongs, the 26S rDNA gene sequences of the 
strains which had high homology and foregone classification as reference strains together with the isolate 
were used for phylogenetic analyses. Multiple alignments were applied using the MEGA software. 
Phylogenetic trees were constructed using the remaining multisequencing after deleting the extrude base of 
5'end and 3'end so that their lengths matched that of the shortest sequence, based on the neighbor joining 
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method (Fig. 4). From the phylogenetic tree constructed, it can be see that strain P-1 and Pichia kudriavzevii 
strain YM6-1 located on the same branch, indicating that strain P-1 was Pichia kudriavzevii. 
3.3. Factors affecting biodecolorization of acid red B in liquid medium 
The effect of salt concentration on biodecoloration of acid red B had been discussed in 2.1, so the effect of 
initial concentration of acid red B, pH of medium and temperature on biodegradation of acid red B would be 
discussed below.  
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Fig. 4. The phylogenetic tree of strain P-1 
3.3.1. Effect of initial concentration of acid red B on the biodecolorization 
The effect of initial concentration of acid red B on biodecolorization efficiency was shown in Fig. 5.  
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Fig. 5. Effect of initial concentration of acid red B on the biodecolorization by strain P-1 
Note: Inoculation quantity, 10% (V/V) ; pH, 5.0; temperature, 30ć 
Fig. 5 indicated that when the initial concentration of acid red B was in the range of 50~100 mg/L, strain P-
1 needed about 24 h to reach the maximum decolorization rate, and when the initial dye concentration 
exceeded 100 mg/L, strain P-1 needed about 35 h to reach the maximum decolorization rate. Fig. 5 also 
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showed that the biodecolorization efficiency of acid red B decreased with the rise of acid red B concentration. 
The reason may be that the proper toxicity of dye inhibited the microbial activity. Therefore, the initial 
concentration of acid red B was selected as 100 mg/L in the posterior experiment. 
3.3.2. Effect of pH on the decolorization 
The effect of pH on the decolorization efficiency of acid red B by strain P-1 was shown in Fig. 6. 
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Fig. 7. Effect of temperature on the biodecolorization Note: 
Acid red B concentration, 100mg/L; pH, 5.0; inoculation 
quantity, 10% (V/V) 
Fig. 6 showed, when pH of the liquid medium was adjusted to 8, the biodecolorization rate of acid red B by 
strains P-1 was only 75.63%. When the pH of the liquid medium was in the range of 3.0-7.0, more than 90% 
of acid red B in liquid medium was degraded by strain P-1. And when pH of the liquid medium was adjusted 
to 5, the biodecolorization rate of acid red B by strains P-1 was the highest. This illustrated that strain P-1 had 
strong adaptability to the acidic environment. Therefore, the initial pH of culture medium was selected as 5 in 
the posterior experiment. 
3.3.3. Effect of temperature on the biodecolorization 
The effect of temperature on decolorization efficiency by strain P-1 was shown in Fig. 7. It was easy to find 
that when temperature was in the range of 27̚40ć, more than 90% of acid red B was degraded by strain P-1, 
indicating that strain P-1 had a wide range of adaptative temperature. When the temperature was 33ć, the 
biodecolorization rate of acid red B by strains P-1 was the highest, up to 94.29%. 
4. Conclusions 
One salt-tolerant strain (named P-1) which can efficiently degrade azo dye acid red B was isolated and 
screened out from the activated sludge of a biological treatment unit in a dye factory in this research. The 
strain can grow with acid red B as the carbon and energy source. On the basis of morphological observation, 
physio-biochemical test, 26S rDNA gene sequence and phylogeny analysis, the strain was finally identified as 
Pichia kudriavzevii strain. 
The initial concentration of acid red B, pH of the medium, temperature and salinity has significant effect on 
the decoloration efficiency of strain P-1. The optimal condition for decolorization: salt concentration, 10%; 
initial concentration of acid red B, 100 mg/L; temperature, 33ć; initial pH of the liquid medium, 5.0. Under 
these conditions, strain P-1 can degrade acid red B effectively and 94.29% of acid red B was removed. 
Pichia kudriavzevii are important microbial resources. This research confirmed that Pichia kudriavzevii can 
degrade azo dye acid red B, indicating that the bacteria have potential application value in the treatment of 
azo dye wastewater and the bioremediation of environment polluted by azo dyes. 
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